Water quality in lotic and lentic systems is greatly influenced by the land use in the adjacent areas. This study was conducted in order to assess whether different degrees of preservation of riparian forest (from well preserved with 30m wide up to degraded with < 5 m wide) influence potamoplankton community structure. The study was conducted in three streams in the upper region of the Rio dos Sinos basin, at four sampling sites, with different width of the forest. Samplings were gathered for abiotic and biological analysis in winter (August 2010) and summer (January/February 2011). The analysis of environmental and biotic variables indicated that seasonality was the main determinant of biomass patterns, regardless of the width of riparian vegetation. The potamoplankton community of the studied streams responded to environmental conditions, although lack of significant difference among the different degrees of riparian vegetation preservation has been observed. Increasing trends on biomass, richness and diversity of species, and higher concentrations of total phosphorus and nitrogen in the non-preserved areas might indicate that the different gradients of preservation of riparian vegetation are related with the water quality in subtropical streams and consequently with the potamoplankton structure.
INTRODUCTION
The degradation of riparian vegetation causes serious impacts to aquatic ecosystems worldwide. Areas of riparian forests are important for the retention of nutrients and sediments (Lowrance et al. 1997 , Storey and Cowley 1997 , Sabater et al. 2003 , Naiman et al. 2005 , Dosskey et al. 2011 . The efficiency of these areas in the control of nitrogen (N) and phosphorous (P), as well as chemical contaminants, is strongly influenced by its width (Borin et al. 2004 , Gorsevski et al. 2008 , Newbold et al. 2010 . Alterations of the structure and dynamics of aquatic communities are the consequences.
Several studies have reported on the influence of riparian vegetation on the water quality and on the response of the phytoplankton community (Naiman et al. 2005 , Dudgeon 2008 on the community of diatoms in tropical and temperate rivers (Vázquez et al. 2011 , Gabel et al. 2012 ) has been observed, and an increase in the proportion of N and P when compared to silicate (Si), may result in a decline of diatoms (Conley and Malone 1992, Cugier et al 2005) . Moreover, changes in the nutrient loadings caused by deforestation of up to 50% of riparian forests may enhance eutrophication and probably increase the frequency of algal blooms (Perry et al. 1999) . Historically, the phytoplankton from lotic ecosystems have received less attention in limnological studies (Rodrigues et al. 2007 ). In Brazil, most of them refer to the taxonomical (Bittencourt-Oliveira and Castro 1993 , BittencourtOliveira 1993a , b, Mendes-Câmara et al. 2002 , Soares et al. 2007 and to the ecological approaches, focusing on diversity (Bittencourt-Oliveira 2002, Borges et al. 2003) , structure and the dynamics of phytoplankton (Train and Rodrigues 1998 , Silva et al. 2001 , Soares et al. 2007 ). Nevertheless, studies addressing the relations between the preservation of the riparian vegetation and its consequences on the potamoplankton structure are incipient in Brazilian limnology.
In this context, the aim of this study was to evaluate the structure of potamoplankton along a gradient of preservation of riparian vegetation in subtropical streams. Hypothetically, in the stream stretches with preserved riparian vegetation, lower potamoplankton biomass is expected, as well as lower richness and species diversity owing to the lower concentration of nutrients and water transparency. These conditions are possible due to the ability of riparian vegetation of retaining nutrients and sediments, and to provide shading. Unlike, areas with little or no riparian vegetation might present greater potamoplankton biomass, richness and diversity of species, due to the higher concentration of nutrients, turbidity and lightness in the water.
MATERIALS AND METHODS

STUDIED AREA, DELIMITATION AND SAMPLING FREQUENCY
Samples were collected in three streams in the upper reaches of the Sinos River basin, located in the eastern portion of the State of Rio Grande do Sul. In the region higher altitudes are observed, human occupation is less intense and the land use is extensive agriculture.
The evaluated streams were: (i) Padilha stream (29°32'11.94 "S, 50°39'50.07" W), located in the municipality of Taquara, (ii) Areias stream (29°35'09.56 "S, 50°33'32.59 "W), located in the municipality of Rolante, (iii) Chuvisqueiro stream (29 ° 36'11 .66" S, 50°28'55 .89 "W) , located between the towns of Riozinho and Rolante (Figure 1 ). In each of the streams, samples were performed at four sites with different widths of riparian vegetation. The sites were numbered in upstream -downstream direction based on the following gradient: site 1 (P1) well preserved riparian vegetation, more than 30 m wide; site 2 (P2) riparian vegetation partially conserved, width between 15 and 30 m; site 3 (P3) riparian vegetation poorly conserved, width between 5 and 15 m; site 4 (P4) degraded riparian vegetation, width < 5 m. The land uses in the adjacent areas of the sample sites were predominantly extensive agriculture and pastures. The distance between the sample sites was of at least 1 km.
According to the Strahler method (1957) , the sampled points were classified as stream orders 3 and order 4. Samples were collected in winter (August 2010) and summer (January / February 2011).
ABIOTIC ANALYSIS
In situ, the following set of variables were measured with a multi water quality probe (Horiba U53) (Bain and Stevenson, 1999) , was estimated in the first week of July 2012. The load was calculated by the "average sample load" model (Li et al. 2003) : L= K (C * Q), where L = load, K = time interval (in this case, one day), C = concentration and Q = discharge.
The average temperature and precipitation data for the months of August 2010 and February 2011 were obtained from Fundação Estadual de Pesquisa Agropecuária -FEPAGRO (FEPAGRO 2010 , 2011 . The data correspond to the station located in Campo Bom, which is the nearest to the sampling sites.
BIOLOGICAL ANALYSIS
The samples used to determine the phytoplankton floristic composition, were collected with a plankton net and fixed with aqueous formalin 3-5%. The identification of diatoms was performed after the clarification of the collected material as described by the Müller- Melches and Ferrando (1956) technique, without the addition of sulfuric acid. The permanent slides were mounted using Naphrax ® . Diatoms were identified using specialized literature. Samples for quantitative analysis of phytoplankton were collected in the subsurface water (± 10 cm surface). The samples were fixed with acetic Lugol's solution 1%. Phytoplankton quantification followed Utermöhl (1958) and sedimentation time was set according to Lund et al. (1958) , who defined 4 hours for each centimeter of chamber height. The organisms density (individuals.mL-1 ) was calculated according to Ros (1979) . The biovolume (mm³. mL -¹) of each species was calculated based on the geometry form that best approximated to the cell shape, isolated or combined, according to Hillebrand et al. (1999) . Descriptive species were considered those that contributed most to the total biomass (> 1%) in each sampled point. The richness (number of taxa) and diversity index (H') (Shannon and Weaver 1963) were also calculated using Past -statistical software (Hammer et al. 2001 ).
DATA ANALYSIS
The data were analyzed through descriptive statistics. In order to compare the biological and abiotic parameters from different sampled points, the Analysis of Variance (ANOVA "one way") was performed, using the statistical software SYSTAT 12 for Windows, version 12 (SYSTAT Software 2007). The streams were treated as replicas (n = 3). A Detrended Correspondence Analysis (DCA) was performed to indicate the need to use a unimodal method or linear ordering. From its results (length of gradient: 5.0), the Canonical Correspondence Analysis (CCA) was performed to verify the relationships between descriptive species and key environmental variables in the studied areas. Therefore, the biological and abiotic variables were transformed (ranging and log x + 1, respectively), avoiding colinearity. The PC-ORD statistical software, version 5.15 (McCune and Mefford 2006) was used to perform these analyses.
RESULTS
ABIOTIC VARIABLES
Considering the variation of the physic-chemical data in different gradients of riparian forest preservation, an increasing trend in water temperature, conductivity, turbidity and TSD (Table I) was observed, from P1 (most preserved) to P4 (less preserved). On the other hand, DO concentrations tended to decrease from P1 to P4, although not significantly (p = 0.215 in winter and p = 0.243 in summer). Water temperature and N-NO 2 -had higher values in summer, while the DO and TP had higher concentrations in winter (Table I ). There was an increase in the TP concentrations, from three to five times in winter, when compared to summer. Water velocity showed a significant difference between the sampled points in winter (F = 10.780, p =0.030), being higher in the most preserved point (P1). The values of total nitrogen and total phosphorus loads were significantly higher in points less preserved (F = 4.56, p =0.038; F = 5.33, p =0.026), being P1 and P4 statistically different for both nutrients (p =0.036 and 0.020, respectively) ( Figure 2A ).
BIOLOGICAL RESPONSES
A total of 151 taxa were identified, distributed in 10 taxonomic classes. Bacillariophyceae had the highest taxa number (29% of all identified taxa), followed by Chlorophyceae (26%), Euglenophyceae (12%) and Cyanobacteria (10%).
The potamoplankton biomass was higher at all sites in summer (Table I, Figure 2B ) and the highest mean value (0.08 mm 3 L -1
) was found at P3. However, regardless of the season, there were no significant differences in biomass in relation to the gradient of riparian forest preservation (p = 0.793 in winter and p = 0.713 in summer). The same trend was registered for the values of chlorophyll-a that had lower average values in P1 (0.50 µgL 2.4 -10.1 (6.6; ± 3.9)
3.0 -8.0 (4.7; ± 2.8) The richness and diversity ( Figures 2C and 2D ) varied depending on the gradient of riparian forest preservation, regardless of the season of the year, although not significantly (p > 0.05). P4 showed the highest richness and diversity of species in winter (14 species and 2.2 bits mg -1 , respectively) and in summer (17 species and 2.5 bits mg -1 ). A total of 24 descriptive species were identified (Table II) . No relationship was observed between the biomass of descriptive species and the gradient of riparian forest preservation. Comparing the two seasons analyzed (Table II) , a replacement of the most descriptive species was observed in each one of the analyzed sites. Some species as Cocconeis placentula var. acuta F. Meister and Ulnaria ulna (Nitzs.) Comp. occurred in both summer and winter, while the species Amphipleura lindheimeri Grun., Gomphonema parvulum Kütz. and Closterium moniliferum (Ehr.) Ralfs showed preference for summer.
INTEGRATED ANALYSIS
The CCA was performed using the seven major environmental variables and descriptive species biomass (Figure 3) . The eigen values for axis 1 and 2 were 0.537 and 0.463. The Pearson correlations between species-environment (0.960 and 0.914) showed significant relationship between environmental variables and species distribution for the sampled points. The Monte Carlo test used to assess the significance of the first canonical axes showed that the ordination of axes 1 and 2 was statistically significant (p <0.05) and indicated that ordination did not occur at random.
The "intra-set" correlations showed that the DO (-0.768) and PT (-0.701) were the most important variables in the axis 1, whereas in relation to the second axis, TDS (-0.724) was the most important variable.
On the positive side of axis 1, the samples collected during the summer were associated with the highest concentrations of N-NO 2 -and temperature. The species grouped on this side of the axis included: Cocconeis placentula var. Regarding the preservation of the riparian vegetation, no gradient was verified in the CCA biplot. 
DISCUSSION
The results showed increasing trends in the amounts of biomass, richness and diversity of potamoplankton species, from the most preserved points to the less preserved points of riparian vegetation. The integrated analysis of environmental variables and descriptive species in the studied points indicated that the gradient of riparian forest preservation was not a structuring factor of the potamoplankton community. The data showed that seasonality (winter and summer) was the main determinant of biomass patterns and presence or absence of species.
Many studies in stream ecosystems have showed seasonality as the main variable correlated with higher values of algal biomass, chlorophyll-a and species richness (Rodrigues et al. 2007 , Borges and Train 2009 , Rossetti et al. 2009 , Tavernini et al. 2011 . In the present study, the higher rainfall recorded during the summer might be the explanation for the higher biomass and diversity observed in the studied streams. Apparently, the higher precipitation did not influence the water speed and, instead, might have contributed to the input of nutrient, especially nitrogen, benefiting algae development. Furthermore, the higher temperature at this station may have influenced the development of potamoplankton. Other conditions for the development of phytoplankton in the summer have been reported, such as increased temperature and luminosity (Salmaso and Zignin 2010). In general, the low values of algal biomass recorded in the studied streams are in agreement with the mean values observed in other stream ecosystems (Soares et al. 2007 , Borges and Train 2009 , Kireta et al. 2012 .
That riparian vegetation present the ability to retain sediments, reduce nutrient and agrochemical loads, is well documented in the literature (eg, Lowrance et al. 1997 , Storey and Cowley 1997 , Sabater et al. 2003 , Naiman et al. 2005 , Borin et al. 2004 , Gorsevski et al. 2008 , it was expected that variations in the concentrations of physicalchemical parameters along the preservation riparian gradient would be clearly observed. Opposite to that, few variables showed clear patterns, among which stands out the highest concentration of total dissolved solids, temperature and electrical conductivity in points with less vegetation preserved. Similar condition was obtained by other authors (Johnson et al. 1997 , Carpenter and Waite 2000 , Vázquez et al. 2011 ). Regardless of this fact, the highest values of total nitrogen and total phosphorus loads contrary to the riparian vegetation gradient showed the significant impact of the vegetation absence on water quality. According to Reynolds and Davies (2001) , the removal of riparian forests and their replacement by agricultural areas may increase the export of P up to 100 kg PT km-2 year-1 for water bodies.
Considering the responses of potamoplankton community in the studied areas, the three major taxonomic classes identified (Bacillariophyceae, Chlorophyceae and Cyanobacteria) followed the results found in other temperate and tropical stream ecosystems (Padisák et al. 1991 , O'Farrel et al. 2002 , Soares et al. 2007 , Rodrigues et al. 2009 , Tavernini et al. 2011 , Wu et al. 2012 ). According to Descy et al. (2012) , most taxons of Bacillariophyceae are not truly planktonic, but benthic taxons in suspension, as observed in the present study (Table II) Although found in the plankton in the studied streams, Cocconeis placentula var. acuta, Amphipleura lindheimeri, Gomphonema parvulum, Melosira varians, Encyonema and Ulnaria ulna are examples of species commonly found in the benthos. The most representative of these taxons in terms of biomass may be related to the presence of riparian vegetation and the high rainfall in the summer. Rainfall removes the benthic forms from sediment to the water more easily.
Although biomass, richness and diversity patterns of potamoplankton have not demonstrated clear answers regarding the gradient of riparian preservation in the present study, some descriptive species identified are commonly related with nutritionally enriched environments. This is the case of Nitzschia amphibia, Melosira varians and Ulnaria ulna that are usually cited as species tolerant to eutrophication (Carpenter and Waite 2000) . Similarly, Gomphonema parvulum already had its best development associated with nutrient-rich waters, especially in waters that contain domestic or agricultural wastewater (Patrick and Reimer 1975) . In Brazil, this species was identified in the Pomba River (Paraná) (Soares et al. 2007 ) being associated with high levels of flow, temperature and alkalinity found in the rainy season. According to the classification performed by the Software Omnidia (The Diatoms Software) (Lecointe et al. 1993) , Aulacoseira granulata, Cocconeis placentula var. lineata, Nitzschia amphibia are classified as indicator species of eutrophic environments, while Surirella splendida meso-eutrophic environments and Ulnaria ulna are indifferent to environment trophic status. Closterium moniliferum is regarded as a typical specie of river (Descy et al. 2012 ) and has also been associated to stream ecosystems near pastures (Vázquez et al. 2011) . The descriptive species of group Euglenophyceae (Euglena sp., Phacus pleuronectes e P. longicauda) are generally found in ecosystems with high organic pollution (Safonova and Shaulo 2009, Reynolds et al. 2002) .
Data analyses of the biomass, richness and diversity proved to be consistent with the River Continuum Concept (RCC) proposed by Vannotte et al. (1980) , even in a small sampling scale and partially attended patterns of vegetation and increasing width of the stream. The central proposal of the RCC is that from the headwaters to downstream, variables in a lotic system exhibit a continuous gradient of conditions, including width, depth, speed, flow, temperature and entropy gain. The theory also describes the structure and function of the aquatic communities along the river course, suggesting that the distribution of species follow the abiotic gradients, mainly due to the processing of organic matter and by different trophic standards along the longitudinal gradient. So, the greatest contribution of planktonic species occurs in areas with less influence of riparian vegetation (less preserved). In the present study, these trends were recorded by phytoplankton, biomass, richness and diversity data, although not statistically significant. It is possible that the lack of significance of these results was due to the width of the riparian vegetation that may not have been sufficiently disparate to provide significant results, between the sampled areas. In literature data, a difference of 25 m in the width of riparian vegetation (between the most preserved and less preserved point), would be sufficient to obtain meaningful responses for the nutrients retention (Borin et al. 2004 , Mayer et al. 2005 , although some reviews have recommended that vegetation protected areas must be between 7 and 100m, being determined based on the levels of nitrogen removal that are expected (Mayer et al. 2005) .
The trends observed in this study demonstrate the importance of riparian forests in the dynamics and biological structure in lotic environments. While some scientists state that efforts aimed at maintaining or restoring the water quality by the management agencies should be directed primarily to define the width of buffer zones of riparian forest (Johnson et al. 1997) , there are others that re-think strategies directed to the phytoplankton bloom control in upstream areas (Hutchins et al. 2010) . Anway, the interaction of longitudinal, vertical and side vectors on streams might influence their physical structure (Poole 2002) , and these interactions will certainly result in different responses from biological communities, as observed in the studied streams.
In short, better water quality has been identified in areas of preserved riparian forest, as evidenced by lower nutrient concentrations. The potamoplankton structure varied seasonally, but the biomass, species 851 RIPARIAN VEGETATION AND POTAMOPLANKTON richness and diversity did not vary significantly along the gradient preservation of riparian forest. However, the composition of descriptive species indicated possible contamination by organic matter and high nutritional contents in the studied streams, demonstrating the influence of riparian vegetation on the maintenance and quality preservation of subtropical stream ecosystems.
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